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CONFERENCE CALL AND MOBILE port and one or more modules ; wherein the microphone may 
COMMUNICATION DEVICES THAT be configured to receive , during a conference call , ( a ) an 

PARTICIPATE IN A CONFERENCE CALL acoustic signal from a first person , and ( b ) an echo from a 
speaker of the mobile communication device , the echo may 

CROSS REFERENCE 5 be generated as a result of a digital leakage signal from 
another mobile communication device that participates in 

This application claims priority from U.S. provisional the conference call , the digital leakage signal may result 
patent Ser . No. 62 / 306,101 filing date Mar. 10 , 2016 . from the acoustic signal of the first person ; wherein the one 

or more modules may be configured to cancel the echo 
BACKGROUND based , at least in part , of the acoustic signal of the first 

person . There is a growing need to allow people to conduct The one or more circuits may be configured to change a conference calls in a cost - effective manner . signal that may be fed to the speaker . 
SUMMARY The one or more circuits may be configured to cancel a 

signal that may be fed to the speaker . 
Methods , systems , and mobile communication devices as There may be provided a method for participating in a 

illustrated in the specification and / or the claims . conference call , the method may be executed by a mobile 
There may be provided a mobile communication device communication device that may include a microphone , a 

that may include a microphone , a speaker , an input output 20 speaker , an input output port and one or more modules , 
port and one or more modules ; wherein the microphone may wherein the method may include : receiving , by the micro 
be configured to receive , during a conference call , ( a ) an phone , during the conference call , ( a ) an acoustic signal 
acoustic signal from a first person , and ( b ) a cross echo from from a first person , and ( b ) a cross echo from a speaker of 
a speaker of another mobile communication device that another mobile communication device that participates in 
participates in the conference call , the cross echo may be 25 the conference call , the cross echo may be generated as a 
generated as a result of the acoustic signal from the first result of the acoustic signal from the first person ; and 
person ; and wherein the one or more modules may be cancelling , by the one or more modules , the cross echo 
configured to cancel the cross echo based , at least in part , of based , at least in part , of the acoustic signal of the first 
the acoustic signal of the first person . person . 

The input output port may be configured to receive a 30 The method may include receiving by the input output 
digital leakage signal ; wherein the one or more modules may port a digital leakage signal ; cancelling , by the one or more 
be configured to cancel the digital leakage signal based , at modules , the digital leakage signal based , at least in part , of 
least in part , on the acoustic signal of the first person ; and the acoustic signal of the first person ; and 
wherein the digital leakage signal may result from the wherein the digital leakage signal may result from the 
acoustic signal from the first person and may be an output of 35 acoustic signal from the first person and may be an output of 
a feedback path that may include the mobile communication a feedback path that may include the mobile communication 
device , the other mobile communication device and a mixer . device , the other mobile communication device and a mixer . 

The microphone may be configured to receive an echo The method may include receiving , by the microphone , an 
from the speaker , wherein the echo resulted from the digital echo from the speaker , wherein the echo resulted from the 
leakage signal ; and wherein the one or more modules may 40 digital leakage signal ; and cancelling , by the one or more 
be configured to cancel the echo from the speaker based , at modules , the echo from the speaker based , at least in part , of 
least in part , of the acoustic signal of the first person . the acoustic signal of the first person . 

The digital leakage signal may result from a reception , by The digital leakage signal may result from a reception , by 
a mixer , of a digital output signal from the other mobile a mixer , of a digital output signal from the other mobile 
communication device ; wherein the digital output signal 45 communication device ; wherein the digital output signal 
may be generated by the other mobile communication may be generated by the other mobile communication 
device in response to the acoustic signal from the first device in response to the acoustic signal from the first 
person . person . 

The microphone may be configured to receive an echo The method may include receiving , by the microphone , an 
from the speaker ; and wherein the echo resulted from the 50 echo from the speaker , and wherein the echo resulted from 
acoustic signal from the first person and may an output of the acoustic signal from the first person and may be an 
a feedback path that may include the mobile communication output of a feedback path that may include the mobile 
device , the other mobile communication device and a mixer . communication device , the other mobile communication 

The input output port may be configured to receive , from device and a mixer . 
a further mobile communication device , a digital signal that 55 The method may include receiving , by the input output 
may be related to acoustic signal generated by a further port , from a further mobile communication device , a digital 
person . signal that may be related to acoustic signal generated by a 

The one or more modules may be configured to compen 
sate for differences between delays associated with ( a ) a The method may include compensating , by the one or 
reception of traffic from the further mobile communication 60 more modules , for differences between delays associated 
device by the mobile communication device and ( b ) a with ( a ) a reception of traffic from the further mobile 
reception of traffic from the further mobile communication communication device by the mobile communication device 
device by the other mobile communication device . and ( b ) a reception of traffic from the further mobile com 

The one or more modules may be configured to change a munication device by the other mobile communication 
signal may be provided to the speaker . 65 device . 

There may be provided a mobile communication device The method may include changing , by the one or more 
that may include a microphone , a speaker , an input output modules a signal may be provided to the speaker . 

a 

be 

further person . 
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There may be provided a method for participating in a FIG . 5B illustrates various components and one or more 
conference call , the method may be executed by a mobile compensation modules for performing compensation opera 
communication device that may include a microphone , a tions related to some of the signals of FIG . 5A according to 
speaker , an input output port and one or more modules , an embodiment of the invention ; 
wherein the method may include receiving , by the micro- 5 FIG . 6A illustrates a first person that talks during confer 
phone , during a conference call , ( a ) an acoustic signal from ence call , a mixer , three devices and various signals gener 
a first person , and ( b ) an echo from a speaker of the mobile ated during the conference call according to an embodiment 
communication device , the echo may be generated as a of the invention ; 

FIG . 6B illustrates various components and one or more result of a digital leakage signal from another mobile 10 compensation modules for performing compensation opera communication device that participates in the conference tions related to some of the signals of FIG . 6A according to call , the digital leakage signal may result from the acoustic an embodiment of the invention ; signal of the first person ; and cancelling , by the one or more FIG . 7A illustrates a first person that talks during confer modules , the echo based , at least in part , on the acoustic ence call , a mixer , three devices and various signals gener signal of the first person . 15 ated during the conference call according to an embodiment The method may include changing , by the one or more of the invention ; modules a signal may be provided to the speaker . FIG . 7B illustrates various components and one or more 
The method may include cancelling , by the one or more compensation modules for performing compensation opera 

modules a signal may be provided to the speaker . tions related to some of the signals of FIG . 7A according to 
20 an embodiment of the invention ; 

BRIEF DESCRIPTION OF THE DRAWINGS FIG . 7C illustrates various components and one or more 
compensation modules for performing compensation opera 

It will be appreciated that for simplicity and clarity of tions related to some of the signals of FIG . 7A according to 
illustration , elements shown in the figures have not neces- an embodiment of the invention ; 
sarily been drawn to scale . For example , the dimensions of 25 FIG . 8A illustrates a first person that talks during confer 
some of the elements may be exaggerated relative to other ence call , a mixer , three devices and various signals gener 
elements for clarity . Further , where considered appropriate , ated during the conference call according to an embodiment 
reference numerals may be repeated among the figures to of the invention ; 
indicate corresponding or analogous elements . FIG . 8B illustrates various components and one or more 
FIG . 1A illustrates three persons that participate in a 30 compensation modules for performing compensation opera 

conference call , a mixer and three devices according to an tions related to some of the signals of FIG . 8A according to 
embodiment of the invention ; an embodiment of the invention ; 
FIG . 1B illustrates three persons that participate in a FIG . 8C illustrates various components and one or more 

conference call , a network and three devices according to an compensation modules for performing compensation opera 
embodiment of the invention ; 35 tions related to some of the signals of FIG . 8A according to 
FIG . 1C illustrates three persons that participate in a an embodiment of the invention ; 

conference call , a connecting network , a near - end network FIG . 9A illustrates various components and one or more 
and three devices according to an embodiment of the inven- compensation modules of a first device of a first person 
tion ; according to an embodiment of the invention ; 

FIG . 2A illustrates a third person that talks during con- 40 FIG . 9B illustrates various components and one or more 
ference call , a mixer , three devices and various signals compensation modules of a first device of a first person 
generated during the conference call according to an according to an embodiment of the invention ; 
embodiment of the invention ; FIG . 9C illustrates various components and one or more 
FIG . 2B illustrates various components and one or more compensation modules of a first device of a first person 

compensation modules for performing compensation opera- 45 according to an embodiment of the invention ; 
tions related to some of the signals of FIG . 2A according to FIG . 9D illustrates various components and one or more 
an embodiment of the invention ; compensation modules of a first device of a first person 
FIG . 3A illustrates a first person that talks during confer- according to an embodiment of the invention ; 

ence call , a mixer , three devices and various signals gener- FIG . 10A illustrates a third person that talks during 
ated during the conference call according to an embodiment 50 conference call , a near end network , a connecting network , 
of the invention ; three devices and various signals generated during the 
FIG . 3B illustrates various components and one or more conference call according to an embodiment of the inven 

compensation modules for performing compensation opera- tion ; 
tions related to some of the signals of FIG . 3A according to FIG . 10B illustrates a person that talks during conference 
an embodiment of the invention ; 55 call , a near end network , a connecting network , three devices 
FIG . 4A illustrates a third person that talks during con- and various signals generated during the conference call 

ference call , a mixer , three devices and various signals according to an embodiment of the invention ; 
generated during the conference call according to an FIG . 11A illustrates a third person and a first person that 
embodiment of the invention ; talk during conference call , a mixer , three devices that 
FIG . 4B illustrates various components and one or more 60 include a second device that has a turned off microphone , 

compensation modules for performing compensation opera- and various signals generated during the conference call 
tions related to some of the signals of FIG . 4A according to according to an embodiment of the invention ; 
an embodiment of the invention ; FIG . 11B illustrates a third person and a first person that 
FIG . 5A illustrates a third person that talks during con- talk during conference call , a mixer , three devices that 

ference call , a mixer , three devices and various signals 65 include a second device that has a turned off speaker , and 
generated during the conference call according to an various signals generated during the conference call accord 
embodiment of the invention ; ing to an embodiment of the invention ; 

a 

a a 
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FIG . 11C illustrates a third person and a first person that The terms “ cancellation ” , “ suppression ” are used in an 
talk during conference call , a mixer , three devices that interchangeable manner . 
include a second device that has a turned off microphone and The term “ substantially ” or “ about ” can refer to an 
a first device with a turned off speaker , and various signals accuracy ( or deviation ) of any value between 1 and 20 
generated during the conference call according to an 5 percent . 
embodiment of the invention ; The term “ proximate ” may refer to a range of distances 
FIG . 11D illustrates a third person and a first person that that may span , for example , between a fraction of a milli 

talk during conference call , a mixer , three devices that meter and less than 5 centimeters . 
include a second device that has a turned off microphone , a Any combination of any components of any of the devices 
third device with a turned off microphone , and a first device 10 and / or systems illustrated in any of the figures may be 
with a turned off speaker , as well as various signals gener provided . 
ated during the conference call according to an embodiment Any device , network , mixer , module and / or system that is 
of the invention ; and illustrated in any of the figures may include additional 
FIG . 12A illustrates a second person that talks during components , may include alternative components , may 

conference call , a mixer , three devices , and various signals 15 include fewer components , may be limited to the compo 
generated during the conference call according to an nents illustrated in the figure or may be essentially limited to 
embodiment of the invention . the components illustrated in the figure . 

There is provide a method for conducting conference calls 
DETAILED DESCRIPTION OF THE DRAWINGS using mobile devices and an additional mixer and / or net 

20 work that may convey signals between the mobile device . 
In the following detailed description , numerous specific The mobile device may be a smartphone . Baby monitor , 

details are set forth in order to provide a thorough under- mobile devices used by public security officers , mobile 
standing of the invention . However , it will be understood by gaming consoles , but any other mobile device that includes 
those skilled in the art that the present invention may be a speaker , a microphone and compensation modules ( as 
practiced without these specific details . In other instances , 25 illustrated below ) can be used for conducting conference 
well - known methods , procedures , and components have not calls . 
been described in detail so as not to obscure the present In various figures three persons participate in the confer 
invention . ence call , wherein the first and second persons are at the 

The term " comprising ” is synonymous with ( means the same space / can be heard by each other . This is only for 
same thing as ) “ including , " " containing ” or “ having " and is 30 brevity of explanation . The number of participants in a 
inclusive or open - ended and does not exclude additional , conference call may exceed three . The participants may be 
unrecited elements or method steps . arranged in other manners . For example more than three 

The term “ consisting ” is a closed ( only includes exactly participants may be located in the same room and more than 
what is stated ) and excludes any additional , unrecited ele- a single participant may be located at another room . 
ments or method steps . Some of the various figures illustrates a single talking 

The term “ consisting essentially of ' limits the scope to participant and other figures illustrated two persons that talk . 
specified materials or steps and those that do not materially It is noted that any combination of participants may talk at 
affect the basic and novel characteristics . the same time . 

In the claims and specification any reference to the term In the various figures the first and second persons 11 and 
" comprising ” ( or “ including ” or “ containing ” ) should be 40 12 are located at the same room and may be referred to as 
applied mutatis mutandis to the term “ consisting ” and near end participants . The third person is located at another 
should be applied mutatis mutandis to the phrase “ consisting room and is referred to as a far end participant . 
essentially of ” . should be noted that the persons may be located at any 

In the claims and specification any reference to the term location in or out a room . 
" consisting ” should be applied mutatis mutandis to the term 45 The following signals illustrate various signals . The sig 
" comprising ” and should be applied mutatis mutandis to the nals were named by names that may refer to ( a ) the person 
phrase " consisting essentially of ” . that either generated the signal or resulted in the generation 

In the claims and specification any reference to the phrase of the signal , ( b ) the device that either received the signal or 
" consisting essentially of ” should be applied mutatis mutan- generated the signal , ( c ) a type of the signal acoustic , 
dis to the term “ comprising ” and should be applied mutatis 50 digital , leakage or converted signal . 
mutandis to the term “ consisting ” . A converted signal may be outputted from a microphone 
Any reference in the specification to a method should be and represents an acoustic signal received by the micro 

applied mutatis mutandis to a system capable of executing phone . The converted signal may have also been processed 
the method . by one or more modules such as signal processing modules 
Any reference in the specification to a system should be 55 including but not limited to filters and the like . 

applied mutatis mutandis to a method that may be executed TABLE 1 lists some of the signals that are illustrated in 
by the system . the drawings : 

35 

TABLE 1 

# Name remark 

1011 Acoustic signal generated by the first user and 
received by the first microphone 

First user first 
microphone acoustic 
signal 
First user second 
microphone acoustic 
signal 

1012 Acoustic signal generated by the first user and 
received by the second microphone 
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TABLE 1 - continued 
# Name remark 

1013 First user second 
device acoustic 
leakage signal 

? . 

1014 First user first device 
acoustic leakage 
signal 

Acoustic signal generated by the first microphone as 
a result from a digital leakage signal from the second 
device through the mixer and to the first device , 
in response to the acoustic signal generated by the 
first user 
Acoustic signal generated by the second microphone 
as a result from a digital leakage signal from the first 
device through the mixer and to the second device , 
in response to the acoustic signal generated by the 
first user 
Acoustic signal generated by the first speaker in 
response to the acoustic signal generated by the third 

1031 

user 

1032 

Third user first 
speaker acoustic 
signal 
Third user second 
speaker acoustic 
signal 
Third user first 
device echo 

Acoustic signal generated by the second speaker in 
response to the acoustic signal generated by the third 
user 

1041 Echo of the first device ( from speaker to microphone ) 
in response to the acoustic signal generated by the 
third user 

1041 ' Converted third user 
first device echo 
Third user second 
device echo 

1042 

1043 First user first device 
echo 

1044 First user second 
device echo 

1051 Third user first cross 
echo 

Signal 1041 after conversion to an electrical signal by 
first microphone 
Echo of the second device ( from speaker to 
microphone ) in response to the acoustic signal 
generated by the third user 
Echo of the first device ( from speaker to microphone ) 
in response to a digital leakage signal from the second 
device through the mixer and to the first device , 
leakage resulting from response to the acoustic signal 
generated by the first user 
Echo of the second device ( from speaker to 
microphone ) in response to a digital leakage signal 
from the first device through the mixer and to the 
second device , leakage resulting from response to the 
acoustic signal generated by the first user 
Cross echo ( from second speaker to first microphone ) 
in response to the acoustic signal generated by the 
third user 
Cross echo ( from first speaker to second microphone ) 
in response to the acoustic signal generated by the 
third user 
Signal 1052 after conversion to an electrical signal by 
first microphone 
Echo from the first device that is received by the 
second device and results from digital leakage from 
the second device via the mixer and to the first 
device , the echo results from the acoustic signal 
generated by the first user 
Echo from the second device that is received by the 
first device and results from digital leakage from the 
first device via the mixer and to the second device , 
the echo results from the acoustic signal generated by 
the first user 
Digital signal outputted by the first device in 
response to the acoustic signal generated by the first 

1052 Third user second 
cross echo 

1052 Converted third user 
second echo signal 
First user first device 
cross echo 

1053 

1054 First user second 
device cross echo 

1111 First user first device 
digital signal 

user . 
1112 

1131 

1131 ' 

1132 

First user second Digital signal outputted by the second device in 
device digital signal response to the acoustic signal generated by the first 

user 
Third user first Digital signal outputted by the mixer and received by 
device input signal the first device in response to the acoustic signal 

generated by the third user 
Converted third user Signal 1131 after conversion to an electrical signal by 
first device input first microphone 
signal 
Third user second Digital signal outputted by the mixer and received by 
device input signal the second device in response to the acoustic signal 

generated by the third user 
First user second Digital leakage signal from the first device through 
digital leakage signal the mixer and to the second device , in response to the 

acoustic signal generated by the first user 
First user first digital Digital leakage signal from the second device 
leakage signal through the mixer and to the first device , in response 

to the acoustic signal generated by the first user 
First user mixed Digital signal outputted by the mixer in response 
digital signal the acoustic signal generated by the first user 
Third user third Digital signal outputted by the third device in 
device digital signal response to in response to the acoustic signal 

generated by the third user 

1141 

1142 

1310 

1330 
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TABLE 1 - continued 
# Name remark 

1335 

1336 

1337 

1410 

1430 

1501 

1502 

1511 

1512 

Third user Digital signal outputted by the connecting network in 
connecting network response to in response to the acoustic signal 
digital signal generated by the third user 
First user first device Digital signal outputted by the first device to the 
connecting network connecting network in response to the acoustic signal 
output signal generated by the third user 
First user connecting Digital signal outputted by the connecting network in 
network output response to the acoustic signal generated by the third 
signal user 
First user third Acoustic signal outputted by the third speaker in 
device acoustic response to in response to the acoustic signal 
output signal generated by the first user 
Third user third Acoustic signal generated by the third user and 
microphone acoustic received by the third microphone 
signal 
Third user first Digital signal outputted by the first device to the near 
device near end end network in response to the acoustic signal 
network digital generated by the third user 
signal 
Third user near end Digital signal outputted by the near end network to 
network second the second device in response to the acoustic signal 
device digital signal generated by the third user 
First user near end Digital signal outputted by the near end network to 
network second the first device in response to the acoustic signal 
device digital signal generated by the first user 
First user second Digital signal outputted by the second device to the 
device near end near end network in response to the acoustic signal 
network digital generated by the first user 
signal 
Second user first Acoustic signal generated by the second user and 
user acoustic signal received by the first user ( for example - without using 
any device ) 
Second user second Acoustic signal generated by the second user and 
microphone acoustic received by the second microphone 
signal 
Second user second Digital signal outputted by the second device in 
device digital signal response to the acoustic signal generated by the 

second user 
Second user first Acoustic signal generated by the second user and 
microphone acoustic received by the first microphone 
signal 
Second user first Digital leakage signal from the second device 
digital leakage signal through the mixer and to the first device , in response 

to the acoustic signal generated by the second user 
Second user first Digital signal outputted by the first device in 
device digital signal response to the acoustic signal generated by the 

second user . 
Second user mixed Digital signal outputted by the mixer in response to 
digital signal the acoustic signal generated by the second user 
Second user third Acoustic signal outputted by the third speaker in 
device acoustic response to in response to the acoustic signal 
output signal generated by the second user 

1601 

1602 

1603 

1604 

1605 

1606 

1607 

1608 

50 

55 

FIG . 1A illustrates three persons 11 , 12 and 13 that There may be delays between the transmission and / or 
participate in a conference call , a mixer 25 and three reception of signals between the mixer and each one of the 
devices — first device 21 , second device 22 and third device first and second devices . 
23 that may ( or may not ) belong to first till third persons 11 , A difference between network delays from the mixer to 
12 and 13 respectively . the first and second device is denoted reception delay 

First device 21 includes first microphone 41 , first speaker difference ( Drx ) . 
31 and first input output ( I / O ) port 51. Second device 22 A difference between network delays from the first and 
includes second microphone 42 and second speaker 32 and second devices to the mixer is denoted transmitted delay 
second I / O port 52. Third device 23 includes third micro- difference ( Drx ) . 
phone 43 and third speaker 33 and third I / O port 53 . FIG . 1A illustrates first Rx delay 91 , second Rx delay 92 , 
An input output ( I / O ) port may be any communication first Tx delay 93 , and second Tx delay 94 . 

port — especially not an acoustic port . The I / O port may be , 60 FIG . 1A further illustrates first room 81 in which first and 
for example a wireless or wired communication port . The second persons , first and second device and mixer are 
I / O port may be used for outputting digital signals and / or located as well as second room 82 in which third person and 
representations of digital signals . The / O port may be used to third device are located . 
convey radio frequency ( RF ) signals and / or other signals . The mixer may be located elsewhere , and may be replaced 
FIG . 1A also illustrates the acoustic link 80 between first 65 by one or more networks . 

and second persons 11 and 12 as these persons may hear FIG . 1B illustrates three persons 11 , 12 and 13 that 
each other without using devices . participate in a conference call , a network 26 and three 
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devices according to an embodiment of the invention . Net- FIG . 2B illustrates various components ( such as first 
work of FIG . 1B replaces mixer 25 and has mixing capa- microphone 41 and first speaker 31 ) and one or more 
bilities for combining the signals from first and second compensation modules ( such as delay unit Drx 62 and Drx 
devices . estimation module 61 ) for performing compensation opera 
FIG . 1C illustrates three persons 11 , 12 and 13 that 5 tions related to signals of FIG . 2A according to an embodi 

participate in a conference call , a connecting network 28 , a ment of the invention . 
near - end network 27 and three devices 21 , 22 and 23 Drx estimation module 61 may estimate Drx using , for 
according to an embodiment of the invention . example correlation between converted third user second 

In FIG . 1C the connecting network 28 ( may be a long- cross echo 1052 ' and converted third user first device echo 
range network such as the Internet or any long - range net- 10 1041 ' . 
work ) communicates with the first device and may not Additionally or alternatively , the correlation between 
communicate with the second device . The near - end network 1031 and 1131 in the first device can be used to estimate the 
27 may relay signals ( for example digital signals ) between delay . 
first and second devices . Delay unit Drx 62 may delay converted third user first 

Near - end network may be a short - range network such as 15 device echo 1041 ' before it is fed to first speaker in order to 
but not limited to Bluetooth , BLE , WI - FI , PROSE Relay generate a third user first speaker acoustic signal 1031 that 
from PSLTE , voice over IP etc. is Drx compensated . 
FIG . 2A illustrates a third person 13 that talks during The Drx compensation may be performed by the first 

conference call , a mixer 25 , three devices 21 , 22 and 23 and device , by the second device or by both first and second 
various signals 1430 , 1330 , 1131 , 1132 , 1031 and 1032 20 devices . 
generated during the conference call according to an FIG . 3A illustrates a first person that talks during confer 
embodiment of the invention . ence call , a mixer , three devices and various signals 1011 , 
As indicated above there may be a delay difference of Drx 1012 , 1111 , 1112 , 1310 and 1410 generated during the 

between signals 1131 and 1132. Unless compensated signals conference call according to an embodiment of the inven 
1031 and 1032 may suffer from a delay difference of Drx . 25 tion . 
The perceived speech quality and intelligibility decreases There may be a delay difference of Dtx between signals 

due to Drx . 1111 and 1112. Without Dtx compensation the mixer 25 may 
Drx should be estimated and compensated in each near- mix time shifted signals and the third person will eventually 

end device or at least in one of the first and second devices receive a mixture of time shifted signals . The perceived 
Drx may be estimated in various manners . For example— 30 speech quality and intelligibility decreases due to Dtx . 

Drx may be estimated by cross correlation between signals Dtx should be estimated and compensated in at least one 
1031 and 1032 which are received by the microphones of of the first and second devices . 
both devices as echo . Additionally or alternatively , the The first and second device may not be aware of Dtx but 
correlation between 1031 and 1131 in the first device can be may estimate Dtx based on Drx . 
used to estimate the delay . The third device may can apply de - reverberation tech 

In circuit switched networks , this delay can be constant . niques to solve the problem . 
In packet switched network ( e.g. VOIP , VOLTE ) the delay The third device may estimate Dtx by analyzing signal 
can be time variant and estimated continuously 1310 and may send feedback to the first and second devices . 

Estimation module can get info from jitter buffer module FIG . 3B illustrates various components ( such as first 
that manages dynamic delays to avoid packet losses . 40 microphone 41 and first speaker 31 ) and one or more 

The jitter buffer mentioned above may be in the commu- compensation modules ( such as delay unit Dtx 64 and Dtx 
nication processor , in the Rx path , as an interface between estimation module 63 ) for performing compensation opera 
the network . It is used to synchronized the order of received tions related to signals of FIG . 3A according to an embodi 
packets from the networks . The jitter buffer may be used to ment of the invention . 
apply dynamic buffering to get rid of network delay varia- 45 Dtx estimation module 63 may estimate Trx using , for 
tions . example correlation between converted third user second 

Each one of the mentioned above or below AEC modules cross echo 1052 ' and converted third user first digital input 
may operate on the digitally sampled audio signals of the signal 1131 . 
communication device . The transfer function of the acoustic Delay unit Trx 64 may delay a converted first user first 
environment from the loudspeaker to the microphone on the 50 microphone acoustic signal ( converted by microphone from 
device is estimated to cancel the received echoes from the first user first microphone acoustic signal 1011 ) before it is 
microphone signal . The AEC may be or may include an fed to mixer in order to generate a first user first device 
adaptive filter . An adaptive filter is used in voice echo digital signal that is Trx compensated . 
cancellation to accommodate the time varying nature of the The Trx compensation may be performed by the first 
echo path . The filter learns the path when the far - end speaker 55 device , by the second device or by both first and second 
is talking and the near - end speaker is silent and adjusts its devices . 
coefficients ( transfer function ) according to the algorithm FIG . 4A illustrates a third person 13 that talks during 
optimization criterion . conference call , a mixer 25 , three devices 21 , 22 and 23 and 
Any AFC module may apply Non - Linear Processing . various signals 1430 , 1330 , 1131 , 1132 1041 and 1042 

Non - linear processing is the removal of residual echo left by 60 generated during the conference call according to an 
the adaptive filter ( echo cancellation ) . Residual echoes are embodiment of the invention . 
the un - modeled components of the echo path . Most adaptive In a hand - free mode there may be an echo due to the 
filters are linear and can only cancel the linear portions of the acoustic coupling between the microphone and the speaker 
echo path . Thus the nonlinear portions cannot be removed of each device . 
via the adaptive filter and a residual echo suppressor follows 65 FIG . 4B illustrates various components ( such as first 
the filter to handle nonlinear portions of the echo that microphone 41 and first speaker 31 ) and one or more 
remain . compensation modules ( first echo cancellation unit ( AEC1 ) 

35 
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65 ) for performing compensation operations related to some microphones of first and second devices ( signals 1011 and 
of the signals of FIG . 4A according to an embodiment of the 1012 ) , causes digital signals 1111 and 1112 to be outputted 
invention . from first and second devices to be sent to mixer and causes 
AEC1 65 may apply one or more linear and / or non - linear digital leakage signals 1141 and 1142 to reach second and 

echo cancellation processes . Additionally or alternatively , 5 first devices respectively . These digital leakage signals cause 
AEC1 may apply linear and / or non - linear echo suppression first and second speakers to output acoustic leakage signals 
processes . Non - linear echo components may result from 1013 and 1014 . non - linearity of the speaker transfer function and / or from The first and second persons perceives the acoustic leak vibrations of the device . age signals as unwanted delayed echo and can make the The third user first device echo 1041 is received by first 10 participation in the conference call impossible or non microphone and is converted to converted third user first tolerable . device echo 1041 ' . The third user first device echo 1041 is The acoustic leakage signals may be cancelled by AEC3 generated by first speaker 31 in response to third user first 
device digital input signal 1131. AEC1 performs echo can using at least one linear and / or non - linear echo cancel 
cellation after being fed by third user first device digital 15 processes and at least one linear and / or non - linear echo 
input signal 1131 and converted third user first device echo suppression processes . 
1041 ' . The output of AEC1 65 is sent from first I / O port 51 AEC3 is the same module with AEC1 . ( Use of AEC3 is 
to mixer 25 . the most innovative part of the patent ) 

FIG . 5A illustrates a third person 13 that talks during AEC3 may perform the echo cancellation and / or suppres 
conference call , a mixer 25 , three devices 21 , 22 and 23 and 20 sion using the correlation between the original speech ( sig 
various signals 1430 , 1330 , 1132 , 1131 , 1051 and 1052 nals 1011 and 1012 ) and the output acoustic leakage signals 
generated during the conference call according to an 1013 and 1014 . 
embodiment of the invention . AEC3 can be implemented a correlator as feedback 
A cross acoustic echo problem exists due to acoustic detector and attenuator whenever feedback exists . 

coupling between the speaker or one device and a micro- 25 AEC3 may benefit from receiving an estimate of Dn . Dn 
phone of another device . This is especially true when the may be estimated using cross correlation or any other 
first and second devices are expected to be at the same room method and need to be compensated . 
and relatively proximate to each other ( for example - less Dn is the time for the transmission of : 1012-1112-1142 
than 10 meters ) —as the first and second persons need to use using the fact that 1011 = 1012 . It is estimated by correlating 
these devices during the conference call and may also need 30 converted version of 1011 and 1142 . 
to hear each other without the aid of these devices . FIG . 6B illustrates various components ( such as first The cross echo may be cancelled using at least one linear 
and / or non - linear echo cancel processes and at least one microphone 41 and first speaker 31 ) and one or more 
linear and / or non - linear echo suppression processes . compensation modules ( Third echo cancellation unit 

In addition , Drx should be compensated in the Rx path . 35 ( AEC3 ) 67 , Delay unit Dn 69 and Dn estimation module 68 ) 
The non - linear cross echo is due to speaker non - linearity for performing compensation operations related to some of 

and non - linear differences due transmission links ( between the signals of FIG . 6A according to an embodiment of the 
first and second device , mixer and third device ) that may invention . 
include vocoders and time - variant network delays . The output of first microphone 41 is fed to delay unit Dn 

Direct echo cancellation ( AEC , ) and cross echo cancel- 40 that sends a delayed signal ( delayed by Dn ) to AEC3 67 . 
lation ( AEC2 ) can be done jointly using the same module AEC3 also receives signal 1111 and perform echo cancel 
when the delay is compensated correctly . lation and / or echo suppression to provide an output signal to 

For example , assuming signals 1131 and 1132 are the speaker 
same but with delay difference because of different network Dn estimation module 68 may estimate Dn by correlating 
delays . First microphone 21 gets both the echo of 1131 and 45 between signals 1111 and 1142 . 
an echo of 1132. AEC1 aims to cancel the 1131-21 coupling AEC2 may be the same as AEC1 and the same as AEC3 . 
while AEC2 aims to cancel 1132-21 coupling . Since 1131 Regarding AEC3 - AEC3 manipulates the input signal to 
and 1132 are the same with different delays , we can use a the speaker and can even mute the speaker , because the first 
joint AEC to cancel jointly 1131-21 and 113-21 coupling and second users may hear each other without the assistance 
using 1131 as reference to AEC . 50 of their devices and thus can improve the echo cancella 

FIG . 5B illustrates various components ( such as first tion in a substantial manner . 
microphone 41 and first speaker 31 ) and one or more FIG . 7A illustrates a first person that talks during confer 
compensation modules ( such as second echo cancellation ence call , a mixer , three devices and various signals 1011 , 
unit ( AEC2 ) 66 , delay unit Drx 62 and Drx estimation 1012 , 1111 , 1112 , 1141 , 1141 , 1310 and 1410 that are 
module 61 ) for performing compensation operations related 55 generated during the conference call according to an 
to some of the signals of FIG . 5A according to an embodi- embodiment of the invention . 
ment of the invention . When first person talks and if the feedback is not can 

The first microphone 41 may sense third user second cross celled with AECz or there exists some residual feedback , an 
echo 1052 and output a converted third user second cross echo signal ( such as signals 1043 and 1044 ) from a speaker 
echo 1052 ' . The converted third user second cross echo 60 is received by the microphone of the same device . The 
1052 ' may be fed to AEC2 . content of the residual feedback depends on whether there is 
FIG . 6A illustrates a first person that talks during confer- an AEC3 or not and if there on the output of AEC3 . 

ence call , a mixer , three devices and various signals gener- The echo may be cancelled and / or suppressed by first 
ated during the conference call according to an embodiment echo cancellation unit ( AEC1 ) 65 that may apply one or 
of the invention 65 more linear and / or non - linear echo cancellation processes . 
When the first person ( or the second person ) talks his Additionally or alternatively , AEC1 may apply linear and / or 

speech ( acoustic signal ) is captured by first and second non - linear echo suppression processes . 
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It should be noted that successful implementation of microphone , first device to mixer , mixer to second device 
AEC3 may avoid the generation of acoustic leakage signals and second speaker - signals 1011 , 1111 , 1141 and 1054. A 
113 and 1014 . second feedback path includes second microphone , second 
FIG . 7B illustrates various components ( such as first device to mixer , mixer to first device and first speaker 

microphone 41 and first speaker 31 ) and one or more 5 signals 1012 , 1112 , 1141 and 1053 . 
compensation modules for performing compensation opera- There feedback paths result in a howling effect . 
tions related to some of the signals of FIG . 7A according to A cross echo ( out of 1053 and 1054 ) may exist if the 
an embodiment of the invention . AEC3 of the device that outputted that cross echo did not 

The first user first device echo 1043 is received by first exist or did not cancel the feedback completely . 
microphone and is converted to a converted first user first 10 Successful implementation of AEC3 in each of the first 
device echo that is fed to AEC1 65. AEC1 also receives first and second devices may avoid the generation of the cross 
user second device digital leakage signal 1142 . echoes and thus avoid feedback and howling . 
When the first person talks signals 1031 and 1032 are The howling may be cancelled by using linear and / or 

received by the microphones of the first and second devices . non - linear acoustic feedback canceller . 
Digital leakage signals 1141 and 1142 may be used by the 15 Feedback path includes 1011-1111-1141-1054 and feed 

AEC1 of the first and second devices as echo references . back cancellation is done between 1011 and 1054 — which is 
If the digital leakage signals 1141 and 1142 are not a delayed version of 1011 . 

cancelled with any AEC3 then the desired signal ( signals Additionally or alternatively , the echo cancelling may be 
1011 and 1012 ) may be suppressed by the AEC1 of the first executed on 1111 ( that results from 1011 ) and delayed 
and second devices due to the existence of non - zero value 20 version of 1111 ( tat results from 1054 ) . 
echo references which are the digital leakage signals . Non - linear feedback is due to speaker non - linearity , 

In AEC1 , output of AEC3 which gets 1142 as input is used vocoder and time - variant delay 
as reference signal . So when AEC3 does not cancel the The network delay need to be estimated using cross 
signal completely , AEC1 will try to cancel the echo of the correlation or any other method . 
output of AEC3 . On the other hand , the first person is still 25 An alternative method is a special linear and non - linear 
talking and generating 1011 as input to AECI . echo cancellation ( AEC4 ) since the digital leakage signals 

This generates a double talk situation which always exists 1142 and 1141 are correlated to the cross echoes 1053 and 
when the first person is talking where AEC1 will do echo 1054 . 
suppression and suppress the desired signal of the first FIG . 8B illustrates various components ( such as first 
person . 30 microphone 41 and first speaker 31 ) and one or more 
AEC1 should apply a double talk detection which can also compensation modules ( such as fourth echo cancellation 

detect feedback situation in order not to clip the desired unit ( AEC4 ) 70 ) for performing compensation operations 
speech of the first person , related to some of the signals of FIG . 8A according to an 

This unwanted suppression of signals 1011 and 1012 may embodiment of the invention . 
result in a reception , by the third person , of clipped and not 35 AEC4 70 is fed by the converted signal from first micro 
intelligible speech signal 1410 . phone ( a converted first used second device cross echo ) and 

While using AEC3 the feedback will be cancelled and by a first user second device digital leakage signal 1142 and 
feedback - free signal will be used as reference to avoid perform echo cancellation and / or echo suppression to output 
clipping of the speech of the first person . first user first device digital output signal 1111 . 
AEC1 may include additional control mechanism to avoid 40 FIG . 8C illustrates various components ( such as first 

this clipping microphone 41 and first speaker 31 ) and one or more 
FIG . 7C illustrates various components ( such as first compensation modules ( AFC_71 , delay unit Dn 69 ) for 

microphone 41 and first speaker 31 ) and one or more performing compensation operations related to some of the 
compensation modules for performing compensation opera- signals of FIG . 8A according to an embodiment of the 
tions related to some of the signals of FIG . 7A according to 45 invention . 
an embodiment of the invention . AFC 71 is fed by the converted signal from first micro 

The output of first microphone 41 is fed to AEC1 65 . phone ( a converted first used second device cross echo ) and 
AEC1 65 is also fed with the output of AEC3 67. AEC1 65 by delayed ( by Dn ) first user first device digital output signal 
outputs first user first device digital device output signal 1111 . 
1111 . FIG . 9A illustrates various components ( such as first 
AEC3 67 receives the first user second device digital microphone 41 and first speaker 31 ) and one or more 

leakage signal 1142 and receives ( from delay unit Dn 69 ) a compensation modules AEC1 65 , AEC2 66 , AFC 71 , AEC3 
Dn - delayed first user first device digital device output signal 67 , Delay unit Dn 69 , Delay unit Dtx 64 , Delay unit Drx 62 , 
1111 . Dn estimation module 68 , Dtx estimation module 63 and 

Delay unit Dn receives the estimate of Dn from Dn 55 Drx estimation module 61 of first device 21 according to an 
estimation module 68 . embodiment of the invention . 
FIG . 8A illustrates a first person that talks during confer- The input of delay unit Drx 62 is fed by first device input 

ence call , a mixer , three devices and various signals 1011 , digital signals such as 1131. Delay unit Drx 62 performs Drx 
1012 , 1053 , 1054 , 1111 , 1112 , 1141 , 1142 , 1310 and 1410 compensation . The duration of Drx can be learnt by Drx 
that are generated during the conference call according to an 60 estimation module 61 that is coupled to Delay unit Drx 62 . 
embodiment of the invention . The output of Delay unit Drx 62 is coupled to a first input 
When the first person talks and if the feedback is not of AEC3 67. AEC3 67 is also fed by the output of Delay unit 

cancelled with AEC3 of the other device or there exists still Dn 69 . 
some residual feedback , it is played to the speaker of one The output of AEC3 67 is fed to first speaker 31 . 
device out of the first and second devices and is received as 65 Delay unit Dn 69 compensates for network delays and is 
a cross echo of a microphone of another device out of the fed by Dn estimation module 68 ( that estimates Dn ) and by 
first and second device . A first feedback path includes first an output of AFC 71 . 
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The output of first microphone 41 is fed to a sequence of 1330 , 1601 , 1602 , 1603 , 1604 , 1605 , 1606 , 1607 and 1608 
three compensation modules that includes AEC1 65 , AEC2 generated during the conference call according to an 
66 and AFC 71 . embodiment of the invention . 
The output of AFC 71 is also fed to Delay unit Dtx 64 . Any reference to the term “ comprising ” or “ having ” 

Delay unit Dtx 64 performs Dtx compensation and outputs 5 should be interpreted also as referring to “ consisting ” of 
a Dtx compensated signal to first I / O port 51. Delay unit Dtx " essentially consisting of " . For example — a method that 
64 is also fed by Dtx estimation module 63. Dtx estimation comprises certain steps can include additional steps , can be 
module 63 estimated Dtx . limited to the certain steps or may include additional steps 
FIG . 9B illustrates various components ( such as first that do not materially affect the basic and novel character 

microphone 41 and first speaker 31 ) and one or more 10 istics of the method respectively . 
compensation modules of a first device of a first person The invention may also be implemented in a computer 
according to an embodiment of the invention . program for running on a computer system , at least includ 
FIG . 9B differs from FIG . 9A by including a combined ing code portions for performing steps of a method accord 

first and second echo cancellation units AEC12 72 instead of ing to the invention when run on a programmable apparatus , 
the pair of serially coupled AEC1 61 and AEC2 66 . 15 such as a computer system or enabling a programmable 

FIG . 9C illustrates various components ( such as first apparatus to perform functions of a device or system accord 
microphone 41 and first speaker 31 ) and one or more ing to the invention . The computer program may cause the 
compensation modules of a first device of a first person storage system to allocate disk drives to disk drive groups . 
according to an embodiment of the invention . A computer program is a list of instructions such as a 
FIG . 9C differs from FIG . 9B by not including AFC 71. 20 particular application program and / or an operating system . 

The output of combined first and second echo cancellation The computer program may for instance include one or more 
units AEC12 72 is fed to Delay unit Dn 69 and Delay unit of : a subroutine , a function , a procedure , an object method , 
Dtx 64 . an object implementation , an executable application , an 
FIG . 9D illustrates various components ( such as first applet , a servlet , a source code , an object code , a shared 

microphone 41 and first speaker 31 ) and one or more 25 library / dynamic load library and / or other sequence of 
compensation modules of a first device of a first person instructions designed for execution on a computer system . 
according to an embodiment of the invention . The computer program may be stored internally on a 
FIG . 10A illustrates a third person that talks during non - transitory computer readable medium . All or some of 

conference call , a near end network , a connecting network , the computer program may be provided on computer read 
three devices and various signals generated during the 30 able media permanently , removably or remotely coupled to 
conference call according to an embodiment of the inven- an information processing system . The computer readable 
tion . media may include , for example and without limitation , any 

FIG . 10B illustrates a person that talks during conference number of the following : magnetic storage media including 
call , a near end network , a connecting network , three devices disk and tape storage media ; optical storage media such as 
and various signals generated during the conference call 35 compact disk media ( e.g. , CD - ROM , CD - R , etc. ) and digital 
according to an embodiment of the invention . video disk storage media ; nonvolatile memory storage 
FIG . 11A illustrates a third person 13 and a first person 11 media including semiconductor - based memory units such as 

that talk during conference call , a mixer 25 , three devices 21 , FLASH memory , EEPROM , EPROM , ROM ; ferromagnetic 
22 and 23 that include a second device 22 that has a turned digital memories ; MRAM ; volatile storage media including 
off microphone ( ?FF ) , and various signals 1011 , 1031 , 40 registers , buffers or caches , main memory , RAM , etc. A 
1032 , 1111 , 1131 , 1132 , 1310 , 1330 , 1410 and 1430 gener- computer process typically includes an executing ( running ) 
ated during the conference call according to an embodiment program or portion of a program , current program values 
of the invention . and state information , and the resources used by the oper 
FIG . 11B illustrates a third person 13 and a first person 11 ating system to manage the execution of the process . An 

that talk during conference call , a mixer 25 , three devices 21 , 45 operating system ( OS ) is the software that manages the 
22 and 23 that include a second device 22 that has a turned sharing of the resources of a computer and provides pro 
off speaker ( OFF ) , and various signals 1011 , 1012 , 1031 , grammers with an interface used to access those resources . 
1111 , 1112 , 1131 , 1132 , 1310 , 1330 , 1410 and 1430 gener- An operating system processes system data and user input , 
ated during the conference call according to an embodiment and responds by allocating and managing tasks and internal 
of the invention . 50 system resources as a service to users and programs of the 
FIG . 11C illustrates a third person and a first person that system . The computer system may for instance include at 

talk during conference call , a mixer , three devices that least one processing unit , associated memory and a number 
include a second device that has a turned off ( OFF ) micro- of input / output ( I / O ) devices . When executing the computer 
phone and a first device with a turned off ( OFF ) speaker , and program , the computer system processes information 
various signals 1011 , 1012 , 1032 , 1111 , 1131 , 1132 , 1310 , 55 according to the computer program and produces resultant 
1330 , 1410 and 1430 generated during the conference call output information via I / O devices . 
according to an embodiment of the invention . In the foregoing specification , the invention has been 
FIG . 11D illustrates a third person and a first person that described with reference to specific examples of embodi 

talk during conference call , a mixer , three devices that ments of the invention . It will , however , be evident that 
include a second device that has a turned off ( OFF ) micro- 60 various modifications and changes may be made therein 
phone , a third device with a turned off ( OFF ) microphone , without departing from the broader spirit and scope of the 
and a first device with a turned off ( OFF ) speaker , as well as invention as set forth in the appended claims . 
various signals 1011 , 1012 , 1032 , 1111 , 1131 , 1141 , 1310 , Moreover , the terms “ front , ” “ back , " " top , " “ bottom , " 
1410 and 1430 generated during the conference call accord- " over , " " under ” and the like in the description and in the 
ing to an embodiment of the invention . 65 claims , if any , are used for descriptive purposes and not 
FIG . 12A illustrates a second person that talks during necessarily for describing permanent relative positions . It is 

conference call , a mixer , three devices , and various signals understood that the terms so used are interchangeable under 
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appropriate circumstances such that the embodiments of the same claim includes the introductory phrases “ one or more ” 
invention described herein are , for example , capable of or " at least one ” and indefinite articles such as " a " or " an . ” 
operation in other orientations than those illustrated or The same holds true for the use of definite articles . Unless 
otherwise described herein . stated otherwise , terms such as “ first ” and “ second ” are used 

Those skilled in the art will recognize that the boundaries 5 to arbitrarily distinguish between the elements such terms 
between logic blocks are merely illustrative and that alter describe . Thus , these terms are not necessarily intended to 
native embodiments may merge logic blocks or circuit indicate temporal or other prioritization of such elements . elements or impose an alternate decomposition of function The mere fact that certain measures are recited in mutually ality upon various logic blocks or circuit elements . Thus , it different claims does not indicate that a combination of these is to be understood that the architectures depicted herein are 10 measures cannot be used to advantage . merely exemplary , and that in fact many other architectures While certain features of the invention have been illus may be implemented which achieve the same functionality . trated and described herein , many modifications , substitu Any arrangement of components to achieve the same 
functionality is effectively “ associated ” such that the desired tions , changes , and equivalents will now occur to those of 
functionality is achieved . Hence , any two components 15 ordinary skill in the art . It is , therefore , to be understood that 
herein combined to achieve a particular functionality may be the appended claims are intended to cover all such modifi 
seen as “ associated with ” each other such that the desired cations and changes as fall within the true spirit of the 
functionality is achieved , irrespective of architectures or invention . 
intermedial components . Likewise , any two components so While certain features of the invention have been illus 
associated can also be viewed as being “ operably con- 20 trated and described herein , many modifications , substitu 
nected , ” or “ operably coupled , ” to each other to achieve the tions , changes , and equivalents will now occur to those of 
desired functionality . ordinary skill in the art . It is , therefore , to be understood that 

Furthermore , those skilled in the art will recognize that the appended claims are intended to cover all such modifi 
boundaries between the above described operations merely cations and changes as fall within the true spirit of the 
illustrative . The multiple operations may be combined into 25 invention . 
a single operation , a single operation may be distributed in 
additional operations and operations may be executed at We claim : 
least partially overlapping in time . Moreover , alternative 1. A mobile communication device that comprises a embodiments may include multiple instances of a particular 
operation , and the order of operations may be altered in 30 microphone , a speaker , an input output port and one or more 
various other embodiments . modules ; 

wherein the microphone is configured to receive , during Also for example , in one embodiment , the illustrated first examples may be implemented as circuitry located on a a conference call , ( a ) an acoustic signal from 
single integrated circuit or within a same device . Alterna user , and ( b ) a first user second device cross echo that 
tively , the examples may be implemented as any number of 35 is an echo from another mobile communication that 
separate integrated circuits or separate devices intercon participated in the conference call , the first user second 
nected with each other in a suitable manner . device echo results from a digital leakage signal from 

Also for example , the examples , or portions thereof , may the other mobile communication device that passes 
implemented as soft or code representations of physical through a mixer that does not belong to the mobile 
circuitry or of logical representations convertible into physi- 40 communication device and is coupled between the 
cal circuitry , such as in a hardware description language of mobile communication device and the other mobile 
any appropriate type . communication device , the digital leakage signal is 

Also , the invention is not limited to physical devices or generated by the other mobile communication device in 
units implemented in non - programmable hardware but can response to a reception of the acoustic signal from the 
also be applied in programmable devices or units able to 45 first user ; and 
perform the desired device functions by operating in accor- wherein the one or more modules comprise : 
dance with suitable program code , such as mainframes , a delay unit configured to delay the first user second 
minicomputers , servers , workstations , personal computers , device cross echo by a delay to provide a delayed 
notepads , personal digital assistants , electronic games , auto acoustic signal ; and 
motive and other embedded systems , cell phones and vari- 50 an echo cancellation unit that is configured to receive the 
ous other wireless devices , commonly denoted in this appli- first user second device cross echo and the delayed 
cation as ' computer systems ' . acoustic signal and to perform echo cancellation using 
However , other modifications , variations and alternatives a correlation between the delayed acoustic signal and 

are also possible . The specifications and drawings are , the first user second device cross echo . 
accordingly , to be regarded in an illustrative rather than in a 55 2. The mobile communication device according to claim 
restrictive sense . 1 wherein the echo cancellation unit is configured to mute 

In the claims , any reference signs placed between paren- the speaker . 
theses shall not be construed as limiting the claim . The word 3. The mobile communication device according to claim 
“ comprising ' does not exclude the presence of other ele- 1 wherein the input output port is configured to receive a first 
ments or steps then those listed in a claim . Furthermore , the 60 user first device digital leakage signal that is a digital 
terms “ a ” or “ an , ” as used herein , are defined as one or more leakage signal generated by the other communication device 
than one . Also , the use of introductory phrases such as " at as a response to the acoustic signal from the first user , 
least one ” and “ one or more ” in the claims should not be wherein the first user first device leakage signal passed 
construed to imply that the introduction of another claim through the mixer , and 
element by the indefinite articles “ a ” or “ an ” limits any 65 wherein the one or more modules are configured to use the 
particular claim containing such introduced claim element to first user first device digital leakage signal as a refer 
inventions containing only one such element , even when the ence signal during the echo cancellation . 
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4. The mobile communication device according to claim wherein the cancelling comprises : 
3 wherein the one or more modules comprises multiple delaying , by a delay unit , the first user second device cross 
delay units , multiple delay estimation modules and multiple echo by a delay to provide a delayed acoustic signal ; 
echo cancellation units . and 

5. The mobile communication device according to claim 5 receiving by an echo cancellation unit , the first user 
4 wherein the multiple echo cancellation units comprise a second device cross echo and the delayed acoustic 
sequence of echo cancellation units and another echo can signal ; and 
cellation unit that does not belong to the sequence . performing echo cancellation using a correlation between 

6. The mobile communication device according to claim the delayed acoustic signal and the first user second 
device cross echo . 1 , wherein the input output port is configured to receive , 

from a further mobile communication device , a digital signal 13. The method according to claim 12 comprising muting 
the microphone by the echo cancellation unit . that is related to acoustic signal generated by a further user . 14. The method according to claim 13 comprising can 7. The mobile communication device according to claim celling the cross echo by an echo cancellation unit and 

6 wherein the one or more modules are configured to 15 cancelling the digital leakage signal by another echo can compensate for differences between delays associated with cellation unit . 
( a ) a reception of traffic from the further mobile communi 15. The method according to claim 12 , comprising receiv 
cation device by the mobile communication device and ( b ) ing by the input output port a first user first device digital 
a reception of traffic from the further mobile communication leakage signal that is a digital leakage signal generated by 
device by the other mobile communication device . 20 the other communication device as a response to the acoustic 

8. The mobile communication device according to claim signal from the first user , wherein the first user first device 
1 wherein the one or more modules are configured to change leakage signal passed through the mixer ; and wherein the 
a signal that is provided to the speaker . method comprises using the first user first device digital 

9. A mobile communication device that comprises a single leakage signal as a reference signal during the echo cancel 
microphone , a speaker , an input output port and one or more 25 lation . 
modules ; wherein the microphone is configured to receive , 16. The method according to claim 15 wherein the per 
during a conference call , ( a ) an acoustic signal from a first forming of the echo cancellation is executed by multiple 
user , and ( b ) an echo from a speaker of the mobile commu delay units , multiple delay estimation modules , and multiple 

echo cancellation units . nication device , the echo is generated as a result of a digital 
leakage signal from another mobile communication device 17. The method according to claim 16 wherein the mul 

tiple echo cancellation units comprise a sequence of echo that participates in the conference call , the digital leakage cancellation units and another echo cancellation unit that signal passes through a mixer that does not belong to the does not belong to the sequence . mobile communication device and is coupled between the 18. The method according to claim 12 , comprising receiv mobile communication device and the other mobile com 35 ing , by the input output port , from a further mobile com munication device , the digital leakage signal results from the munication device , a digital signal that is related to acoustic acoustic signal of the first user ; wherein the one or more signal generated by a further user . 
modules are configured to cancel the echo based on the 19. The method according to claim 18 comprising com 
acoustic signal of the first user ; wherein the mobile com pensating , by the one or more modules , for differences 
munication device does not include any microphones except 40 between delays associated with ( a ) a reception of traffic from 
the single microphone . the further mobile communication device by the mobile 

10. The mobile communication device according to claim communication device and ( b ) a reception of traffic from the 
9 wherein the one or more modules are configured to change further mobile communication device by the other mobile 
a signal that is fed to the speaker . communication device . 

11. The mobile communication device according to claim 45 20. The method according to claim 12 comprising chang 
9 wherein the one or more modules are configured to cancel ing , by the one or more modules a signal that is provided to 
a signal that is fed to the speaker . the speaker . 

12. A method for participating in a conference call , the 21. A method for participating in a conference call , the 
method is executed by a mobile communication device that method is executed by a mobile communication device that 
comprises a microphone , a speaker , an input output port and 50 comprises a microphone , a single speaker , an input output 

port and one or more modules , wherein the mobile commu one or more modules , wherein the method comprises : nication device does not include any microphones except the receiving , by the microphone , during the conference call , single microphone ; wherein the method comprises : ( a ) an acoustic signal from a first user , and ( b ) a first receiving , by the microphone , during a conference call , user second device cross echo that is an echo from ( a ) an acoustic signal from a first user , and ( b ) an echo another mobile communication that participated in the from a speaker of the mobile communication device , conference call , the first user second device echo results the echo is generated as a result of a digital leakage from a digital leakage signal from the other mobile signal from another mobile communication device that 
communication device that passes through a mixer that participates in the conference call , the digital leakage 
does not belong to the mobile communication device signal passes through a mixer that does not belong to 
and is coupled between the mobile communication the mobile communication device and is coupled 
device and the other mobile communication device , the between the mobile communication device and the 
digital leakage signal is generated by the other mobile other mobile communication device , the digital leakage 
communication device in response to a reception of the signal results from the acoustic signal of the first user ; 
acoustic signal from the first user ; and and 

cancelling , by the one or more modules , the first user cancelling , by the one or more modules , the echo based , 
second device cross echo ; at least in part , on the acoustic signal of the first user . 

55 a 

60 

65 



24 
US 11,425,261 B1 

23 
22. The method according to claim 21 comprising chang 

ing , by the one or more modules a signal that is provided to 
the speaker . 

23. The method according to claim 22 comprising can 
celling , by the one or more modules a signal that is provided 5 
to the speaker . 
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